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ABSTRACT 
This repor t  is  the first quar te r ly  repor t  of Task-2  of an  effort  
to develop a pneumatic control drum actuator  for  a nuclear  rocket 
engine in  which the e lec t ronics  have been replaced by f luer ic  devices .  
The  objective of the Task-2 effort i s  to fabr icate  and t e s t  the system 
designed and studied in  Task-  1 e In th i s  qua r t e r  engineering speci-  
fication were  published, a layout drawing defining the mechanical  
configuration of f luer ic  c i rcu i t  was completed, and a breadboard vortex 
amplif ier  was designed and built. 
i ii 
SECTION 1 
INTRODUCTION 
This  repor t  is the first  quarterly repor t  of Task  2 of a two-task 
effort  to develop a pneumatic actuation sys t em in which the electronics  
which f o r m e r l y  provided the e r r o r  detection, f requency compensation, 
and amplification have been replaced with f luer ic  devices.  
In Task  1 an all-pneumatic s e rvo  actuator with per formance  
charac te r i s t ics  comparable  to an existing electropneumatic sys t em was 
designed and analytically studied. The existing electropneumatic actu- 
ation sys t em selected for  a base in the study is used to position control 
d r u m s  in a nuclear  rocket engine. The resu l t s  of Task  1 a r e  presented 
in  a Summary  Report  dated August 31, 1965. 
of the effort is to fabr icate  the s y s t e m  designed in Task  1 and to evaluate 
it experimentally.  
The objective of Task  2 
In the f i r s t  qua r t e r  of Task 2, detailed circui t  and component 
specifications were  published and a prel iminary layout defining the 
mechanical  configuration o r  packaging concept of the f luer ic  c i rcui t  
was  completed. Also,  a breadboard, lower s tage,  vortex valve was 
designed and fabricated.  
In th i s  repor t ,  drawings showing the mechanical configuration of 
A brief description of the actuation s y s t e m  designed in 
the flueric c i rcui t  and the breadboard vortex element a r e  presented 
and discussed. 
Task  1 is a l so  included. 
1-1 
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SECTlON 2 
SUMMARY 
In the f i r s t  qua r t e r  of Task 2,  engineering specifications for  the 
actuation sys tem,  power control Lalve and f luer ic  c i rcu i t s  w e r e  pub- 
l ished.  Also, the f luer ic  c i rcu i t ' s  mechanical configuration was  defined, 
a breadboard vortex valve fo r  the lower s tage f luer ic  c i rcui t  and bread-  
board t e s t  f ixtures  w e r e  designed and built, and a method of b r e a d -  
boarding the f luer ic  c i rcu i t s  was establ ished.  
The mechanical  configuration of the f luer ic  c i rcui t  was simp11 - 
fied over  that  p resented  i n  the Task 1 Summary  Report  I 
design,  a b a s e  plate mounted to  the AG-20 ac tua to r -moto r  s e r v e s  to  
locate  components relative to the ac tua tor -motor  and as  a manifold 
and mounting plate.  
them to be eas i ly  mounted, manifolded] and removed.  
In the present  
The design selected for  the vortex e lements  allows 
The design of the breadboard vortex e lements  follows the concept 
selected for  the final c i rcui t  design. 
In the next qua r t e r ,  the design of the mechanical  components will 
be completed and fabrication will be s t a r t ed .  
breadboard f luer ic  devices  wi l l  be designed and built  and c i rcu i t  t es t s  
will be s ta r ted .  
Also ,  the remaining 
SECTION 3 
DESCRIPTION O F  ACTUATION SYSTEM 
In this section the actuation sys tem in which the electronics  have 
been replaced with f luer ic  devices will be descr ibed.  Included is a de -  
scr ipt ion of the load, actuator-motor ,  power control valve, and f luer ic  
c i rcu i t  . 
The actuation sys tem includes r a t e  feedback and frequency varient 
load p r e s s u r e  feedback, in  addition to  position feedback. 
As i s  specified, an AG-20 actuator-motor  is used. A photograph 
of th i s  actuator-motor  i s  shown in Figure 3-1. A pictor ia l  schematic  
of the actuator-motor ,  the specified load, and the power control valve 
design selected in the Task 1 study a r e  shown in F igure  3 - 2 .  
The actuator load consists of a control d rum,  its associated 
fr ic t ion,  and a s c r a m  spring. 
pistons mounted on opposite ends of a shor t  rack.  
pinion gear  which is coupled directly to the load. 
The actuator-motor  has  two separa te  
The rack  d r ives  a 
The power control  valve i s  of the flapper-nozzle type and it incorpo- 
r a t e s  frequency varient negative load p r e s s u r e  feedback. 
of the valve i s  actuated by a p res su re  differential  existing between 
opposing bellows on the flapper. 
The flapper 
A schematic  of the actuation sys tem is shown in Figure 3 - 3 .  In 
th i s  sys tem,  f luer ic  devices and passive components implement the 
pos i t ion-er ror  detection, amplification, and compensation; the r a t e  
signal differentiation and amplification; and the summing. 
devices  used a r e  the vortex valve and p r e s s u r e  amplif ier .  
The f luer ic  
A position e r r o r  signal is generated using an  a r e a  balancing 
technique. 
the position e r r o r  detector activates a flapper between the nozzles,  
varying their  effective orifice a r e a .  
equivalent nozzles in the position feedback t ransducers .  
o r i f ice  a r e a s  of the nozzles in the position feedback t ransducer  a r e  
var ied  by a f lapper  which i s  actuated by a c a m  coupled to the ac tua tor ' s  
output shaft. Where the effective orifice a r e a  of one se t  of nozzles 
An e lec t r ica l  position input signal to the torque motor  of 
These  nozzles a r e  coupled to  
The effective 
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Figure 3 - 3  - Schematic of Actuator System 
3-3 
differs  f rom that of the other ,  a pneumatic e r r o r  signal is generated.  
The e r r o r  signal i s  amplified, lagged, and then summed with a rate 
signal. The rate  signal is generated by a pseudo differentiation of a 
position signal and amplified. The differentiation is performed using 
a volume-orifice network. In a lead-lag c i rcu i t ,  the s ignal  f rom the 
summer  i s  operated on and directed to the input bellows of the power 
control valve. When the ra te  signal exceeds a specified value,  i t  over - 
r ides  the position signal and the sys tem becomes a ra te  servo, l imit ing 
velocity of the actuator .  
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SECTION 4 
MECHANICAL DESIGN 
In this qua r t e r ,  engineering specifications were  published fo r  the 
actuation sys tem,  position e r r o r  detector  unit, ra te  s enso r  c i rcu i t ,  
lead-lag circui t ,  t empera ture  compensating volumes, summing circui t ,  
and power control  valve. These components a r e  identified in Figure 3 - 3 .  
Also, the mechanical  configuration, o r  packaging, of the f luer ic  
c i rcu i t  was defined. A description of the mechanical  configuration 
follows. 
Mechanical Configuration of the F lue r i c  Circui t  
A prel iminary layout i l lustrating the mechanical  configuration of 
the f luer ic  c i rcu i t  i s  shown in Figure 4-1. The configuration i l lustrated 
h a s  been simplified f rom that presented in the Task  1 Summary  Report ,  
and the dynamic s e a l  on the position feedback t r ansduce r ' s  dr ive shaf t  
h a s  been eliminated. 
In the design in Figure 4-1,  a base plate is mounted to the AG-20 
actuator  in place of the potentiometer cover used in the electropneumatic 
system. The e r r o r  detector  unit, vortex elements ,  and lag tanks of 
the f luer ic  c i rcu i t  a r e  mounted to the base plate. The supply and exhaust 
flows of the circui t ,  as well as the input signal to the power control 
valve,  a r e  manifolded through the base plate. 
manifolded in the base plate also. 
the e r r o r  detector  unit in relation to the actuator output shaft. 
The c i rcu i t  is partially 
The base plate,  in addition, locates 
The shaf t  s ea l  was eliminated by utilizing the sealing capabili t ies 
of the position feedback t ransducer ' s  spr ing tube to isolate the 650 ps ia  
cooling gas  f r o m  the f luer ic  circuit  supply gas.  
potentiometer cover isolates  the cooling gas  f rom the 50 ps ia  ambient 
p r e s s u r e  inside the package. 
A s ta t ic  s e a l  in the 
The potentiometer shown in F igure  4-1 i s  fo r  instrumentation 
purposes  and is not required as par t  of the f luer ic  c i rcui t .  
potentiometer can eventually be eliminated, allowing some reduction 
This  
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Figure 4- 1 - Mechanical Configuration of F l u e r i c  Ci rcu i t  
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in the height of the f luer ic  circuit  package. It i s  included in this design 
because i t  will be useful in evaluating the actuation sys t em when i t  i s  
initially installed on a reac tor .  
The tanks, o r  volumes, used to generate lags in c i rcui t  a r e  
mounted above the vortex amplifiers and e r r o r  detector unit, The 
design of the tempera ture  -compensated volumes is  changed f rom that 
shown in the Summary Report,to simplify construction. The rim, made 
of a m a t e r i a l  with a low coefficient of expansion, has  been replaced by 
a plate which is sandwiched between and welded to the spher ica l  e lements  
made of the high coefficient of expansion mater ia l .  
F igure  4-2 i l lus t ra tes  the vortex amplifier design and the concept 
selected for  mounting the amplifiers and manifolding communicating 
passages .  
design. Supply, exhaust,  output, and control  signal por t s  will all be 
located on a common base circle.  I t  will be possible fo r  these ports  
to open on e i ther  side of the amplifier.  
The vortex amplifiers will  be c i rcu lar  and wafer  shaped in 
This  feature  allows the amplifier in s e r i e s  in the circui t  to be 
stacked one on top of the other, without using an intermediate  manifold 
plate.  I t  a l so  allows the amplifiers to be communicated through mani -  
folding in the base plate o r  tubing manifolded through a plate mounted 
on top of the amplif ier .  
to the base plate using through bolts,  which makes the removal  of a 
single e lement  f o r  checkout or replacement  a simple ma t t e r .  
The single o r  stacked ampl i f ie rs  a r e  held 
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SECTION 5 
BREADBOARD FLUERIC CIRCUIT 
In th i s  quar te r ,  breadboard vortex valves  fo r  V i 3  and V14 
of the lead-lag c i rcu i t  in F igure  3-3 w e r e  designed and built. A method 
of manifolding the vortex amplif iers  and valves  into breadboard c i r cu i t s  
was established, and the t e s t  f ixture to  implement  building these  
c i r cu i t s  was designed and a number of them were  built. In th i s  section, 
the design of the breadboard valves and the method of breadboarding 
c i rcu i t s  will be discus sed. 
5.1 BREADBOARD VORTEX VALVES 
The a s sembly  drawing of the breadboard vortex valve is shown 
in F igu re  5-1. 
component p a r t s  before assembly i s  shown in F igu re  5-2. 
A photograph of the valve on a t e s t  f ixture  and the 
INJECTOR PLATE 
/ .  
J 
CHAMBER PLATE P-3329 
F i g u r e  5- 1 - Assembly Drawing of Breadboard Vortex Amplifier 
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Figure 5-2 - Breadboard Vortex Valve and Tes t  Fixture  
The vortex valve has  chamber  d iameter  of 0.140 in. and an exit 
diameter  of 0.029 in., resulting in a chamber-diameter- to-exi t -diameter  
ra t io  of five to  one. 
diameter  is  0.120 in. 
a r e  slots 0,010 in. wide by 0,030 in. deep, 
The chamber length is 0.014 in. and the button 
There a r e  two communicated control por t s  which 
The design of the breadboard valve follows the concept e s -  
tablished for  the final design. The supply exhaust, output, and control 
por t s  a r e  all on a common base c i r c l e  and a r e  on one side of the valve 
amplifier,  Through bolts a r e  used to mount the valve on tes t  f ix tures ,  
and an intermediate seal  plate i s  used between the f ixture  and vortex 
valve, 
Apex seals  (Servotronics Inc.) o r  semi-s tandard rubber  O-rings. 
The sea l  cavities a r e  designed to accept minature  metall ic 
The valve i s  made up of four plates and a button ( s e e  F igure  5-2) .  
In assembly,  the plates  a r e  bonded together 
The plates a r e  machined to f o r m  the vortex chamber  and communicating 
passages when assembled.  
using the copper diffusion process .  
p ress - f i t  after the bonding process  i s  completed. 
The button i.s inser ted with a light 
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5 . 2  BREADBOARD CIRCUITS 
To breadboard the flueric c i rcu i t s  of this system, the individual 
vortex ampl i f ie rs  wi l l  be  mounted on a t e s t  f ixture.  The fixture ( see  
F igure  5-3) communicates the por t s  of the vortex amplif ier  to standard 
tubing fittings. Using these fixtures,  the vortex elements  can eaeily 'be 
piped into the var ious c i rcu i t s  o r  the c i rcu i t s  can be changed as required.  
(Il lustrated in F igure  5 -4 )  The interface between the vortex ampl i f ie rs  
and the fixture is standard,  allowing the vortex elements  of a ' c i r cu i t  to  
be replaced easily. 
NEEDLE VALVE 
Figure 5 - 4  - Concept of Breadboarding F lue r i c  Circui t  
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SECTION 6 
GOALS OF SECOND QUARTER 
The work in this quar te r  resulted in the simplification of the 
mechanical design of the f luer ic  c i rcu i t  and the establ ishment  of a 
design concept fo r  the breadboard f luer ic  e lements  and c i rcu i t .  
The next qua r t e r  goals will be to:  
(1) Complete design and detail  drawings and start with 
the fab.rication of the e r r o r  detector  unit and power 
control  valve. 
(2) Design and build the remaining breadboard vortex 
e lements .  
( 3 )  Sta r t  t e s t s  of the flueric c i rcu i t .  
6- 1 
